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ABSTRACT. We report nuclear acid phosphatase activity in the so-
matic (intra-ovariolar and stromatic) and germ cells of differentiating
honey bee worker ovaries, as well as in the midgut cells of metamor-
phosing bees. There was heterogeneity in the intensity and distribution
of electron dense deposits of lead phosphate, indicative of acid phos-
phatase activity in the nuclei of these tissues, during different phases of
post-embryonic bee development. This heterogeneity was interpreted
as a variation of the nuclear functional state, related to the cell functions
in these tissues.
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INTRODUCTION

There have been several reports of acid phosphatase activity in cell nuclei, but its role
in this organelle remains unknown. Acid phosphatase activity was found by Love et al. (1969),
Soriano and Love (1971), Vorbrodt (1974) and Buchwalow and Unger (1977) in animal cell
nuclei and by DeJong et al. (1967), Walbot (1971), Van de Walle et al. (1976), Risueño et al.
(1976) and Deltour et al. (1981) in plant cell nuclei.

The apparent presence of acid phosphatase in the nucleus has been variously
explained as inorganic phosphate accumulation, as an artifact due to non-specific lead
deposits, or to diffusion of reaction products from the cytoplasm to the nucleus during
staining (Barka and Anderson, 1962; Washitam and Sato, 1976). However, there are con-
vincing arguments for real intranuclear acid phosphatase activity under certain condi-
tions. Methods that eliminate artifactual lead deposits diminish, but do not eliminate,
nuclear labeling (Barka and Anderson, 1962; Poux, 1967, 1970; Pfeifer et al., 1974).
However, positive reactions obtained with isolated nuclei (Deltour et al., 1981) and the
elimination of inorganic phosphate by glutaraldehyde fixation (Tandler and Solari, 1969)
eliminate the possibility of reaction product diffusion and inorganic phosphate involve-
ment, respectively.

Deltour et al. (1981) noticed differences in lead phosphate deposits between nuclei of
quiescent and germinative embryos of Zea mays, and in cells before and after thermal shock.
These results, along with those of Van de Walle et al. (1976) suggested a relation between
nuclear transcription and acid phosphatase activity. This view is supported by the fact that
transcription inhibition is accompanied by suppression of acid phosphatase activity in the cell
nuclei of some plants (Walbot, 1971; Risueño et al., 1976).

In the more recent literature, this subject has only been treated by Oliveira (1997).
Nevertheless, nuclear components frequently are acid phosphatase positive; this varies with the
cell type or cell phase. We studied the conditions under which nuclear acid phosphatase activity
occurs in the ovaries and midgut of immature bees, to determine how this enzyme is related to
the functional state of the nucleus.

MATERIAL AND METHODS

Ovaries and midgut cells from Apis mellifera L. (Hymenoptera, Apidae) were studied
with transmission electron microscopy using β-glycerophosphate and p-nitrophenyl phosphate
as substrates to detect acid phosphatase activity. The worker ovaries were examined during
larval development and at the beginning of pupation, and the midgut was studied during meta-
morphosis (pupation). The progression of pupal development was monitored by examining eye
and body pigmentation, starting with pre-pupae and following a sequence of darkening of the
eyes and body.

The material, fixed in 2.5% 0.1 M sodium cacodylate buffer, pH 7.2, for 1 h, was
incubated in a medium containing the substrate and post-fixed in 1% osmium tetroxide in the
same buffer, for 2 h. Some specimens were incubated in a medium devoid of substrate or in a
medium containing substrate plus sodium fluoride, an enzyme inhibitor.

The thin sections were first examined without contrast, although the photos were taken
with uranyl acetate- and lead citrate-contrasted grids in order to obtain better visualization.
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RESULTS

Ovary

Two types of cells are present in the ovary, the somatic and the germ cells. Germ cells
were found only inside the ovarioles and somatic cells were present both in ovarioles and
stromatic tissue, which in immature phases fills up the spaces among the ovarioles.

Electron-dense deposits of lead phosphate, indicative of acid phosphatase activity, were
detected in some nuclei of somatic and germ cells in the presence of substrate. The intensity and
location of the labeling changed according to the developmental phase.

A positive reaction was seen in ovary cells of 3rd-, 4th- and 5th-stage worker larvae,
i.e., from the beginning of worker-queen ovary divergence, to the end of the larval stage, or the
end of ovary differentiation (Figure 1).

Figure 1. Micrographs of
Apis mellifera worker larva
ovarioles showing a posi-
tive reaction for acid phos-
phatase (arrows) in the cell
nuclei. A, Intra-ovariolar
somatic cells (sc) showing
positive chromatin (chr) and
germ cells (gc) with nega-
tive nuclei (n) of 3rd-instar
larvae. B, Nucleolus (nu) of
a 4th-instar larva ovariolar
germ cell showing a posi-
tive reaction for acid phos-
phatase, which appears as
small scattered dots (arrows).
C, Nucleolus (nu) of an in-
tra-ovariolar somatic cell
(sc) of a 5th-instar ovariole.
D, Very condensed chroma-
tin in a stromatic cell from
a prepupa, showing a posi-
tive reaction (arrows). E,
Degenerative germ cell,
showing positive nucleo-
plasm (arrows). F, Normal
germ cell of a 5th-instar
larva showing a positive re-
action in the chromatin.
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Chromatin (Figure 1A,D) and nucleoli (Figure 1C) were stained in the intra-ovariolar so-
matic cells of 3rd- and 4th-instar larvae. The cells with positive nuclei were apparently normal,
active cells, with rounded nuclei, disperse chromatin and prominent nucleoli. The cytoplasm showed
glycogen deposits, as the main feature, and no lead staining. Some cells had unstained nuclei (Figure
1A). Chromatin and nucleolus staining were never seen in the same nucleus (Figure 1A,B,C). In the
germ cells, a positive reaction was found in the nucleoli of 4th-instar larvae (Figure 1B) and in the
nucleoplasm of condensed nuclei in 3rd-, 4th- and 5th-instar larvae (Figure 1E). The cells with
condensed nuclei exhibited a positive reaction for acid phosphatase, as well as in cytoplasmic vacu-
oles, as characteristic of damage. The other cells with labeled nucleoli had a normal appearance. The
nuclei had very disperse chromatin, and a large nucleolus. The labeling of the nucleolus appeared as
small dots in germ cells and as small clumps within the inner compact mass of the nucleolus in
somatic cells. The peripheral thread-like part of this organelle was not stained (Figure 1B,C). A
positive reaction in the nuclear chromatin of germ cells (Figure 1F) was seen in the 5th-instar larvae,
though it appeared less intense than in somatic intra-ovariolar cells (Figure 1A).

The positivity for acid phosphatase in the stromatic cells was stronger (Figure 1D) than in
intra-ovariolar somatic cells (Figure 1A). Here, the intensity of the reaction was also different
from cell to cell, and some nuclei did not stain (Figure 2). A positive reaction was detected in the
chromatin of stromatic cell nuclei of 3rd- and 4th-instar larvae (Figure 2A,B), while in 5th-instar

Figure 2. Micrographs
of stromatic cells of dif-
ferentiating worker ova-
ries of Apis mellifera. A,
Stromatic cells (st) of
3rd-instar larval ovary,
with chromatin stained
for acid phosphatase. B,
The same in a 4th-instar
larval ovary. C, Degen-
erating stromatic cells of
prepupae showing all
nuclei (n) marked. D,
Nucleolar (nu) positivity
in a stromatic cell of a
5th-instar ovary. gl = gly-
cogen; va = vacuoles;
tr = tracheoles.
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only the nucleoli (Figure 2D) were labeled. The positive nuclei of pre-pupal stromatic cells had
labeled chromatin and nucleoli (Figure 2C). All the cells of 3rd- and 4th-instar ovarioles with posi-
tive nuclei appeared normal, while those of pre-pupae had a modified shape; the nuclei were smaller
and surrounded by cytoplasm containing very large and apparently empty vacuoles (Figure 2C).

Midgut

In the midgut, a positive reaction for acid phosphatase appeared in some epithelial cells of
white, pink and brown-eyed pupae (Figure 3). Only the chromatin was positive in white-eyed pupae
(Figure 3A), while in pink and brown-eyed pupae both chromatin and the nucleolus were stained
(Figure 3B,C). The nucleolus stained more intensely than the chromatin. The chromatin in the brown-
eyed pupae (Figure 3B) seemed to be more condensed and less stained than in white-eyed pupae
(Figure 3C). All cells with stained nuclei, as well as the labeled nuclei, seemed normal.

Figure 3. Micrographs of the midgut epithelial cells. A, Positive reaction in the chromatin (chr) of a pink-eyed pupa.
B, white-eyed pupa. C, Prepupa with chromatin (chr) and nucleolus (nu) stained. n = nuclei.

The absence of substrate and the use of phosphatase inhibitor eliminated lead phos-
phate deposits.

DISCUSSION

Acid phosphatase activity in the nuclei was reported more than 30 years ago. Siebert
(1966) found activity in rat liver cells using biochemical techniques. Later, other authors demon-
strated acid phosphatase activity using cytochemical studies (Soriano and Love, 1971; Miyayama
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et al., 1975; Sanchez-Pina et al. 1978; Deltour et al, 1981; Azeredo-Oliveira, 1982; Oliveira, 1997).
There was no lead deposition in the control preparations of bee tissues incubated with

lead nitrate, both without substrate and with acid phosphatase activity inhibitors; therefore it
can be assumed that nuclear staining indicates acid phosphatase activity. This is in accordance
with Deltour et al. (1981) who stated that staining of this enzyme was not artifactual, because it
could be stained and demonstrated biochemically in isolated nuclei.

Activity sites for acid phosphatase other than the nucleus, including cytoplasmic vacu-
oles, were detected in these tissues. Chromatin, nucleoli and nucleoplasm, were not simulta-
neously positive. This probably means that the lead staining corresponds to direct visualization
of acid phosphatase activity.

There was considerably heterogeneity in the presence and distribution of acid phos-
phatase among the bee cell nuclei, independent of their nature (somatic or germinative) or
origin (ovary or midgut). This may reflect differences in the functional state of the nuclei,
according to Deltour et al. (1981) who found strong acid phosphatase activity in highly (meta-
bolically) active root-cell nuclei during plant seed germination. They also found various sites
of enzymatic activity in the nuclei.

Azeredo-Oliveira (1982) and Oliveira (1997) also found staining for acid phosphatase
in insect cell chromatin and nucleoli. Oliveira used Ag impregnation of the nucleolus organizer
region (AgNOR) to identify the nucleolus as the structure showing lead phosphate precipitate.
He also suggested that acid phosphatase was active during rRNA transcription in the fibrillar
center of the nucleolus.

Based on the foregoing evidence, we postulate a relationship between the intensity of
the reaction and the level of transcription in bee-cell chromatin. This may also be true for
nucleoli, since the staining inside the nucleolar mass and the distribution of the chromosome
nucleolar organizer chromatin tend to coincide. As staining of the nuclear structures occurs in
different tissues, and in the same tissue at different sites and with different intensities, we can
make correlations between acid phosphatase activity and cell function.

The lack of staining in some intra-ovariolar cells in 3rd- and 4th-instar larvae may
mean that they are germ cells with a low transcription rate at this developmental stage. An
increase in the transcription rate in these cells would be expected only during the later develop-
mental phases, especially in the nucleolus.

All the acid phosphatase positive cells had a normal morphology except some of the
germ cells, which had condensed nuclei being reabsorbed, and prepupal stromatic cells. The en-
zymatic activity registered at this phase of development may be due to a hydrolytic function of
acid phosphatase, since most of the larval tissue is degenerating in prepupae (Cruz-Landim and
Silva de Moraes, 2000). This may explain the lead phosphate deposits in the nucleoplasm, due to
a hydrolytic function for this enzyme, probably affecting the protein of the nuclear skeleton. Lead
deposits in nucleoli during the prepupal phase may on the other hand indicate rRNA production
for the synthesis of new proteins related to the cell death process (Bowen et al., 1993).

Acid phosphatase reaction heterogeneity was also found in the nuclei of stromatic cells.
A high metabolic activity in stromatic cells was not expected, but some of them may be in-
volved in the production of hormone-like substances that regulate ovariole differentiation and
germ cell proliferation. In prepupae, acid phosphatase staining of the nuclei was less common,
but when it occurred the staining was more intense, which may reflect the initiation of involu-
tion of this tissue.
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The presence of lead deposits in intact nuclei of normal digestive tract cells, more
intense in the oldest pupae (brown eyes) and in the nucleoli than in chromatin, may be inter-
preted as preparation for enzyme synthesis, which will be necessary in the adult bees.

There are reports of involvement of alkaline phosphatase in the control of the cellular
cycle (Murray and Kirschner, 1991) and in the hydrolysis of o-phosphotyrosine during the
prepupal phase in insects (Harper and Armstrong, 1972). Acid phosphatase could have similar
cell-signaling functions, through the dephosphorylation of specific nuclear components, which
would mean that acid phosphatase controls gene expression.
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